This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 


BEST AVAILABLE IMAGES 


Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not limited to): 


BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


THIS Pkm BUm (USPTO) 


(19) 


(12) 


Europdisches Patentamt 
European Patent Office ' ' 
Office europten des brevets (11) EP 0 846 932 A2 

EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

ia06.1998 Bulletin1998/24 

(21) Application number: 98101571.2 

(22) Date of filing: 28.10.1994 


(51) lot a 6: Q01B 7/34, Q02B 21/00 


(84) Designated Contractihg States: 

DEFRGB ; _ . 

(30) Priority: 05.11.1993 JP 276708/93 

(62) Document number(s) of the earlier appiicatfon(s) in 
accordance with Art. 76 ERG: 
94117120.9/0 652 414; 

(71) Applicant: 

SEIKO INSTRUMENTS INC. 
Chiba-shI, CMba 261 (JP) 


(72) Inventora: ; < c . / 

• ehIba, Noirlb^ ; ' { 
lAlhama-'lw/Chito-shii Chlba 261 (JP) 

• lUluramatsu, HIroshI 

Mlhama-ku, Chll^a-shl, Chlba 261 (JP) 

(74) Representative: . 

' ReuchauSi DSpl^rlng. et al 
IVIelchlorstnasse 42 • 
81479 MQnchen (DE) 

Remarks: ^ 

This appjiration was filed on 29 - 01 - 1998 as a 
? \ idivisiona! a^liic^idn to. the application.mentioned 

under InId cede 62.,;. ' 


CM 

< 

CM 
CO 

a> 

CO 
CO 


Q. 
LU 


(54) Scanning near-field optic/iatomic force microscope 


(57) The present Invention relates to a scanning 
near-field optic^atomic force microscope adapted to 
observe topography and (^cal characteristics of a 
sample (1 3). said microscope comprising: 

a cantilever (2) having a probe (1) in an end portion 
thereof consisting primarily of a lightpropagating 
medium having an optical opening for passing light, 
said optical opening forming a sharp front erxl; 
a fight-transmitting device (6) having a light-trans- 
rhitting optical opening in both ends thereof, 
wherein one of said ends of said Gght-transmitting 
device is disposed dose to a back surface of said 
probe (1); 

a light source (1 0) and optics (11 , 1 2) for generating 
a light to measure a feature of tiie sample (1 3) and 
for directing generated light to tiie sample (1 3); 
a photoelectric converter device (7) and optics for 
receiving light from the sample (13); 
a deflection-detecting means for optically detecting 
deflection of said cantilever (2). conrprising a light 
source (3) for generating a laser fight for use of 
deflection-detection; a condenser lens (4) for direct- 
ing the laser fight to a back surfece of said canti- 
lever (2); and anotiier photoelectric converter 
device (5) arKi optics for detecting reffected light 
from back surface of said cantilever (2); 
a motion medianism (21, 22) for making a relative 
nwvement between the sample and said probe; 


and 

a gap control means (23) for controfiing a distance 
between the surface of tiie sample (13) and the 
sharp front end'Of said probe (1); 

wherein ttie the probe (1) of tiie cantilever (2) 
comprises an overhang portion (43) and the con- 
denser lens (4) directs the laser light to said over- 
hang portion (43). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a scanning near- s 
field optic/atomic force microscope for observing the 
topography of a substarKe to be investigated, by mak- 
ing use of an atomic force acting between substances, 
and at the same time for observing the optical property 
ofanrdcroscopicregiorioftheirivesti^edsuk)stanceby io 
a probe consisting of a liglit-propagating body. - 

Atomic force microscopes (AFMs) are capable of 
accurately observing tiie topography of the surface of a 
sample, irrespective of whether the sample is conduc- ^ 
five or not, in contrast with scanning tunneling micro- 'is 
scopes (STMs) and. therefore. AFMs are widespread. 
Atomic force rracroscopy (AFM) is a measuring method 
utilizing the fact that a spring elemefit supporting a 
measuring prot>e is deflected by an atomic force acting 
between a sanple and the measuring probe. ^ 

In an attempt to measure the optical characteristics 
and the topography of a sample, a probe consisting of a 
light medium having a sharp front &)d was brought 
dose to the sample to be investigated such tiiat the dis- 
tance between them was less than the wavelength of 2S 
the tight. Also^ some near-field optical microscopes 
have been proposed. In one of these instruments, laser 
light is directed from the rear side of a sample such that 
the light is totally reflected by the rear surface of the 
sample. Evanescent light leaking from ^e front surface so 
of the sample is detected by bringing the front end of an 
optical fft>er probe close to the suriace of the sample, 
the probe being equipped with a fine-motion mecha- 
nism. Variatiois in the intensity of tine evanescent light 
are measured by scanning the probe so as to detect 3S 
predetermined evanescent liglit or by scanning the 
probe horizontally so as to detect the absolute value of 
the evanescent light In this way, the topography of the 
surface is d:>served 

In another proposed apparatus, the front end of an 40 
optical fber prcbe is held vertical to a sample. The front 
end is vbrated horizontally over the ajrface of the sam- 
ple to produce friction between the sample surface and 
the front end of the prot^, thus resulting In vibrations. 
Variations in the amplitude of the vibrations are 45 
detected as deviations of the optical axis of laser light 
which is emitted from the front end of tiie optical fSber 
and transmitted through the sample. A fine-motion 
mechanism is actuated to move the sample so that the 
distance between the front end of the prot>e and the so 
sample surfiace is maintsuned constant The surface 
topography is detected from the intensity of the signal 
applied to the fine-nrxytion mechanism. Also, the trans- 
missvTty of the sample for the light is measured. 

In a further proposed apparatus, a glass capillary ss 
having a hook-shaped front end portion is i^ed. A fluo- 
rescent material is loaded into the tip portion of the cap- 
illary. A reflecting sheet for optically detecting 


detections of the probe is installed on the rear side of 
the capillary, i.e., on tiie opposite side of the front end of 
the hopk-shaped portion. Light Is emitted from the back 
side of tiie sample and trarsmitted through the sample. 
This causes the fluorescent material at the front end of 
the probe dose to the sanple to emit light which is 
transmitted tiirough the sample. This light is detected at 
the rear surfece of the sample. In tills way, tiie surface 
topography of the sample is investigated by atomic force 
microscc^ (AFM). At the same time, the trar^issivrty 
of the sample is measured by near-field optic micros- 
copy. 

A still other proposed apparatus uses a probe con- 
sisting of an electrically condudive optical medium as 
an SJM probe. At the same time, the apparatus meas- 
ures the optical charaderistics of the sanple. 

The prior art AFM and STM techniques are adapted 
for observation of surface topography but are incap^e 
of measuring the physical and chmiical properties of a 
sample. A method of using light as a means for observ- 
ing these properties of a sample is contemplated. 

Some apparatuses of near-field opytical nrdcro- 
scqpes using the akx>ve-described light use evanescent 
light. In such an apparatus, Tight intensit/ is used as 
information in the diredion of height. Therefore, it is 
impossible to s^^arate variations in the light intensity in 
the diredion of height from light intensity variations due 
to absorption of light into a sample. Hence, it is difficult 
to use tilts apparatus as a means for measuring the 
physical and chemical properties of a sample. Where 
the sample surface js greatty uneven, light may not be 
totally reflected by the rear surface of the sanple kxjt be 
transmitted through it. Transmitted light rays may inter- 
fere with each other on the surface of the sample, thus 
hindering measurements. 

In the case of an aji^^aratus where a probe is 
vS^rated horizontally, it is necessary that the sample be 
a substance whrch transmits light In addition, the front 
end of the probe vS^rates horizontally. Therefore, where 
the sanple surface is greatiy uneven, Gmitations are 
inrposed on inrprovements of the horizontal resolution. 

In the case of an apparatie using a capillary, it is 
necessary that the sample transnrut fight Also, the 
measurable wavelengtti of tiie light may be restricted by 
the used fluorescent material. 

Where the apparatus is combined wtth an STM, 
measuratde sanples are limited to conductive ones. 

SUMMARY OF THE INVENTION 

It is an objed of the present inv^on to realize an 
apparatus capable of measuring the topography of the 
surface of a s€urple and the optical diaraderistics of 
tiie sanple at high resolution, irrespective of whether 
the sample transmits light or whether the sample is con- 
ductive. 

In order to realize ttie above-descrOsed objed 
according to tiie present invention, a probe conprising 
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a light-propagating medium having an end portion pro- 
vkjed wrth an optical opening that passes light is fabri- 
cated by thin-film mi(^o-^rl(^on technology and 
disposed at one end of a cantilever, the optical opening 
portion forming a sharp front end portion. This cartti- 5 
lever is coated with a reflective or shielding coatir^ at 
least except for ttie opening in the probe. If necessary, a ' 
dichroic mirror for wavelengtii-separab'ng signal light for 
measuring properties of the sample and dgnai liglit for 
detecting a deflection of the i^vrtilever is disposed on 10 
the back surface of the probe. 

Furthemiore. a light-transmitting device corrtprisihg 
a light-propagating medium is d'^30sed in such a way 
ttat ttie ngfit-trar)snnitting surface is dose to the back 
surface of the probe. The light-prbpa^ting medium has is 
an critical operting for passing light' in an end portion. 
The optical opening portion is a tlat or concave surface. 
This light-transmitting device acts to introduce light into 
the probe and to direct light to the sample from tiie front 
end of the probe or to trarismit light from the sample 20- 
received at the front end of the probe to a photoelectric 
converter device. 

A scanning neair^teld optic/atomic force micro- 
scope comprises: a cantilever having the above- 
described probe; a light-transmitttng device; a Hght 2s 
source arxi optics for irradiating a sanr^le with light; a 
photoelectric converter device aiid optics for receiving 
light from the sample; a deflectioh-detectihg means for 
optically detectir^ d^iection of the cantilever; rough- 
and fine-motion mechanisms for making a reiatiye 30 
movement between the sanriple arid the sharpened 
probe: a gap control means for corttrolfing a distance 
t>etween the sanple and the sharpened probe; and a 
computer for controlling the whoSe apparatus. 

A scanning hear-fietd optic/atomic force micro- 35 
scope comprises: a carrtHeva- having the above^ 
described probe; a. light-transmnting device; a light 
source and optics for ir^-adiating a sample witii light; a 
photoelectric converter device and optics for receiving 
light from tiie sample; a vitiation means for produdng 40 
vibrations between the front end of tiie probe and the 
sample; a deflection-detecting means for opticaily 
detecting deflection of the cantilever; rough- and fine- 
motion mechanisms for making a relative movement 
t>etween the sarrple and the sharpened probe; a gap 4S 
control means for oontrollirig a distance tietween the 
sarnple. and tiie sharpened probe; and a computer for 
comrdOng tiie whole apparatus. 

The above-desciibed deflection-detecting means 
comprises a laser light source for generating a laser so 
light for use of deflection-detection, a condense^ lens for 
directing laser light to the t>ack surface of the cantilever, 
and a photoelectric converter device and optics for 
detecting reflected light from tiie back surface of the 
cantilever. The optical axis of tiie laser ligfit passes ss 
between an end surface of the light-transmitting device 
and the prot^e or passes by the light-transmitting device. 

The above-described deflection-detecting means 


compises an interferometer including a laser light 
source, a beam splitter for separating and confining 
measured light and reference light a light-trar^mitting 
device and a photoelectric converter device and optics 
for detecting the reflected ligfit and a dichroic mirror for 
wavelength-;separatirig signal ligirt for measuring prop- 
erties of the sample and signal light for detecting of a 
d^lection of the cantilever. 

In the at>ove-descn*bed structure of the scanning 
near^ield optic^atomic force microscope, a cantilever 
haying a pnot>e corisistirig of a, light-propagating 
medium fabricated by thin-fQni'nrdcro-fabrication tech- 
nology is used as the cantilever of ah AFM. The reflec- 
tive or shielding film that covers the probe except for the 
opening at the front end acts to avoid tfie effects of 
unwvanted scattering Bght entering into the probe from a 
portion otiier tiian the measured portion. Where light is 
directed to the sanple from the probe, the film serves to 
focus the tight spot onto the sample surface. The dich- 
roic minror Installed on the rear surface of the probe acts 
to waveiengtivseparate signal light for rneasuring prop- 
erties of the sample and signaJ light for detection of a 
deflection of the cantilevei'. The dichroic mirror transmits 
the signal light for measuring properties of the sanple 
and reflects the signal light for detection of the deflec- 
tion of the cantilever. 

The Ogtit-transmittihg device vvhich is installed 
dose to tiie back surface of the probe arxi whose optical 
opening portion Is a flat or convex sur^use acts to intro- 
duce light into the probe and to cfirect light to tiie sample 
from the front end of the prt^e or to traremit light from 
the sample received at the front end of the probe to a 
photoelectric converter device. \ ; 

The deflection-detecting mears. comprising a laser 
light source, a condenser lens for cGrecting ti^e laser 
light to the back surface of a cantilever, and a detection 
system for dete^ng the reflected light, is so con- 
structed that the optical axis of the laser light passes 
between an end surface of the light-transntitting devfoe 
and the prot>e or passes by ti^se side of the light-trans- 
mitting' device. Cor^equerrtty. deflection of the canti- 
lever can t>e detected from a deviation of the position of 
the reflected light wrihout being obstructed by the light- 
transmitting device. 

The deflection-detecting means comprising, an 
Interferometer indiding a laser light source, a beam 
spiitter for separating and combining measured light 
and reference light a light-transmitting device and a 
detection system, and a dichrofo mirror for wavelength- 
s^)arating signal light for measuring properties of the 
sample and signal light for detecting of a deflection of 
the cantilever, can detect deflection of the cantilever t>y 
making use of interference of fight waves. 

An apparatus for measuring light transmitted 
through a sarhple can adopt an operation in which light 
from a Dght source is directly transnrtrtted through the 
inner surface of the sample, an operation in which light 
is totally reflected by the inner surlace of the sample and 


4 


EP0 846 932 A2 


6 


leaking evanescent light is measured, and an operation 
in which fight is introduced into the prcbe and then light 
is directed to the sample from the front end of the probe. 
In any operation, the transmissrvity; absorbance; or flu- 
orescent characteristics of the sample can be meas- 5 
ured: ^ ' * . . ■ • ^ ' . ' 

In tfie apparatus fbr measuring light renectecl*^frqm 
the sample, light Is introduced into th^ prob^, and light 
is directed to the sample from the front erid.pf ,the .sanrv: 
pie. Alternatively, light is drectly directed to the. siffface 10 
of the sample, and reflected light is d^ecfted at, the front 
end of the probe. 

In tfie case of tBnsrnittj^ light 
absort>ance, and fluorescence can be rniaa^red. In the 
case of reflected If^, the apparatus' Is adapted for is 
measurement of the absort^ance of the sample surface, 
reflectivity, and fluorescence. 

With respect to the vibi^pn means, for producing 
vertical vSbratioris relatively betv^n the front erti |^ the 
probe and the sahiple^^^ was seamed ^ 

horizontally, this meatis prey^ damage of thje^'sur- „ 
face of the sample, and th0;frorrt end. of the^pfobe. that 
might be resulted l7y a lateral stress ^betw the sanrv 
pie arxi the frdntlend.of^the probe, because ^e ^sairn^e 
and the front end of the jxobe would nntakE^ (X)r^ 2s 
each othiar in response to uheyehness. of the ,^^^^ 'i , 

BRIEF DESCRIPTION OF THE DRAWING^ 

Rg. 1 is a view showing the Sructure of ^ a scanrring 30 
near-field optic^tomic force microscope according 
to a first entxxliment of the invention, shovying the 
structure for detecting fight transmitted thrbugh a 
sanple With a probe; " "1 , ^ 

Rg. 2 IS a view showing the structMre of a' part of a 35 
scanning near-field optic/atorfiic force 'maf^ifcoQe 
according to a second embodirn^ of the ir|v^9^n, 
showing the optical system portion of an appar^s 
, for detecting evariescerit light; . t : : 

Rg. 3 is a view showing the structtire of a pari of a ^ 

, scanning near-fidd pptic/atomic forca jTtiarpscppe ... 
\ according tbva third embbdimerit of j^e uivehtion, 
showing the dptic^ systenri portion of an apparatus 

. for emitting li£^ from> probe to detect transhnftted 

light: " ' "' r -. . : • ^ 

Rg. 4isa viewshowing thestruph^eof ap£^ 
scanning near-field optic/iatbrnic. fbrce .microscope 
according to a fourth embodiment of the inventioii, 
showing tiie optical system portion of an apparabis 
in which a probe is Lsed tor both projected light and so 
received light; 

Rg. 5 is a view showing the structure of a part of a 
scanning near-field optic/atomic force microscope 
according to a fifth embodiment of the invention, 
showing the optical system portion of ah apparatus ss 
in which deflection of a carrtilever is detected by an 
interferometer; . 

Rg. 6 is a sdiematic.of a cantilever portion, show- 


ing an embodiment of the invention; 
. Rg. 7 is a scheniatic of a cantilever portion, show- 
ing an embodiment of thejnvention; and 
Rg. 8 is a perspective view of a cantilever portion, 
showing.an emtx)dimerit of the Invention. 

DETAILED DESQRIFnION OF; tM^^ PREFERRED ; 

EMBODiiwErfre: . ^ 

EmbocGme^ of the 
ter de^pribed by, referring to, the dranvings. 

Rg. 1 showstiiestruc^reof.asca^ 
optic/atomic force micro^cxpe a ^ ^ 

enribbcEmerit,^^ a struc- 

ture iri ;.wf^'cH ]J^:ibBi^^ through a sanple is 
det^ecd jwtt^ has the , probe 1, 

insfalled jot a biirorpFi 8, A la^er If^jht'sdiirce' 3. a con- 
denser lens.Ca^ con^Mter device 5 
are installed isd^ bauser light from 
the tasja* ligtff source 3 is^ itehcused^M the t>adc sujffa^ 
9f the ..cfrrtillsVia^ 2 'by^ l.erts^p ;iEUTa 
refleqted fight^ photpeifc;tnc ccri- 
verter device S. The light emitted by a ligKil swrte io^^ 
nieasijrennient qf,^optical inforrn^pn is directs tb a 
san^f 13,fromMioeac 11. 
thesaLrnple:13^^^|^^ indlrie^ 
^rfiace the~'p^^ 12 prpcesised that it totally 
reflects iri(^eri^ i^ j^'ght ^Introduced irrto the front 
erxi t^ie Pto^ t^^Pf 14 4ie sample 1 3 and admitted 
irijo a photo^G^ 7 via a light-transi- 
mitting de^nca'a 12 and the safnf^e 13 are 
p|ac^ on a rough £!l and on afine- 
moti'OT j^^ ar0 capa&e in 
tifiree dmension^ th^e p^jHoK^electri 
dohviarter deyj(^9 5 is Sjent lb i's^ryo^'e^ In 
resppnsjs.tb^tfijs sgiial; ttie 23 cbn- 
trbls!.;ftie''^ugh 21 land the;,fin€|- 
nriptibn rnectksurus 
^ejsamfS^ 

rnechanism,^ deflec- 
tion, of the prpbe'db^ not exceed a predeterMned 
val.ua^ X .c^n;q^ is connected with the seryo- 
iTi(^hanisrn-23 to control operation of the fine-mcrtion 
mechanism 22 along a horizontal plane, and receives 
jnfomiatiQn' aiwi^ the topography frorri the control signal 
ifrom the servo-mechanism. When light from the light 
sbucce io is modulated or when vibratior^ ar^ pro- 
duced betwem the prot>e and the sample, tfie 'signal 
from the photoelectric converter device 7 is botpled to 
the analog input irrterface of the corrtputer 24 via a lock- 
in amplifier 25.' When tiie light is not modulated, tiie sig- 
nal is directly coupled to the ainalog input interface of the 
computer 24. The con^uter 24 detects optical infornr^- 
tion from the signal synchronized with two-dimensional 
OF)eratibn of the fine-motion mechar^m'22. 

' Rg. 2 is a view showing the structure of a part of a 
scanning near-field optic/atomic force microscope 
according to a second emtxxliment of the present 
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invention, showing the optical system' portion of an 
apparatus for detecting evanescent light Light emanat- 
ing from a light source 10 for measurement of optical 
information is directed via a collimator lens 11 and a 
mirror 14 to a prism 15 at such an angle that the light is 
totally reflected off the rear surface of a sanple 13 
placed on the prism '15 whose inclined surface faces 
upward. Evanescent light leaking from the sanple sur- 
face at this time is introduced Into the front end of a 
probe 1 dose to the sample 13, arid is introduced into a 
photoelectric converter device 7 via a Rght-transmittir^g 
device 6. The prism 15 and the sample 13 are placed on 
a rough-motion mechanism 21 and on a fine-motion 
mechanism 22 which are capable of moving in three 
dimensions. 

When the a|^)aratus is so modified that the light 
from the light source 10 for measurement of optical 
information is drectly directed on the surface of the 
sample 13, light reflected by tiie sample 13 may be 
introduced into the front end of the prote 1 dose to the 
sample. The light may then be introduced into the pho- 
toelectric converter device 7 via the Gght-transmitting 
devicee. . 

Rg. 3 is a view showing the structure of a part of a 
scanning near-field optio/atonv'c fbrce rm'croscope 
according to a tfiird embodiment of the present inven- 
tion, showing the optical system portion of an apparatus 
in which light fe emitted from a prot^ ard the transmit- 
ted light is detected. Light emitted from a light source 1 0 
for measurement of optical information is introduced 
into a Gght-transmitting device 6 by a condenser lens 16 
and transntitted to a probe 1 . The light is then directed 
to the surface of a sample 13 from the front end of a 
probe.1 placed dose to the sample 13. which is placed 
on a prism 12. The iridined surface of the pr^hi 12 is so 
i^tki that it totaJlyVWl€K^ incident light Light reflected 
by the Inner surface of the indined surtace of the prism 
12 is collimated by a lens 17 and introduced into ihe 
photoelectric converter device 7 t)y a lens 1 8. Ihe prian 
12 and the sample 13 are placed on a rcHjgh-rixrtion 
mechanism 21 and on a fine-motion mechanism 22 
which are capat}Ie of movtrig in three dlmer^ns. 

Also, the apparatus is so modified that tight 
reflected by tine sample 13 is gathered and introduced 
into the photoelectric converter device 7. Light is emit- 
ted from the probe 1 to the sample 13. The reflected 
light is detected. 

Rg. 4 a view showing the structure of a part of a 
scanning near-field optic/atomic force microscope 
according to a fourth embedment of tfie present inven- 
tion, showing the optical system portion of a reflected 
light-measuring apparatus in which a probe is used for 
both projected light and received light Light emitted 
from a light source 10 is oojlimated by a fens 30 and 
trarsmitted through a beam splitter 32. Then, the light is 
collected by a lens 31 and introduced into a Gght-ta-ans- 
mitting device S, Light transnvtted to tiie probe 1 by the 
light-transmitting device 6 is directed to the surface of 


frie sanple 13 frc»n the front end of the probe 1 dose to 
the sample 1 3. Light reflected by the sample 1 3 is again 
introduced into ttie front end of the prot>e 1 and is ema- 
nated via the Gght-transmitting device 6 and coflirr^ed 

5 by the lens 31 . The light fe then rdlected at 90" by the 
beam spfitter 32. Jhe reflected component of the laser 
light is introduced into the photoelectric converter 
device 7 by a lens 33. The seimple 13 is placed on a 
rough-motion mechanism 21 and on a fine-motion 

10 medianism 22 which are aUe to move in three dimen- 
dons. 

Rg. 5 is a view showing the structure of a part of a 
scanning near^eld optic/atomic force microscope 
according to a fifth embodiment of the present inven- 
ts tion, showing the optical system portion of an apparatus 
using an interferometer for detecting deflection of a can- 
tilever. Laser Gght emitted by a single-wavelength stabi- 
' Gzed laser 38 is collimated t>y a lens 30. The componefit 
transmitted through a t)eam spfttter 32 is transmitted 

20 ^ ttiTough a dichroic min-or 35 and collected by a lens 31 . 
The light is then introduced into a light-transmitting 
device 6. reflected by the bade surface of a cantilever 2, 
and again introduced into the light-transmitting device 6. 
The light is coHimated by the lens 31 , transmitted 

25 through the dichroic mirror 35, and reflected at 90** by 
the beam splitter 32. Meanwhile, the component of the 
iaser ligtrt which is emitted by the single-wavelength sta- 
bilised laser 38 and is rellected by the beam spGttor 32 
is reflected by a reference mirror 37 aind combined with 

30 light reflected from the back surface of the cantilever 2 
by the t>eam splitter 32. The combined light is collected 
a leris 33 and detected as an interfeing light wave 
^gnal by a photoelectric converter device 36. Optical 
information created by reflection from the sample 13, 

35 transmission through it and total reaction from the rear 
' surfacieof itaredetededatthefrontendof theprd>e 1. 
Tne light is tiien collimated by the lens 31 via the light- 
transmitting device 6, reflected at 90° by the dichroic 
mirror 35, collected by a lens 34, and introduced into a 

40 photoelectric converter device 7. If the wavelength off 
the signal light from the Interferometer is suffidentiy 
separated from the wavelength of the sample ligftt the 
dichroic niinor 35 can divide eadi kind of light into 
transmission arxi r^lection in terms of wavelength. 

45 In the ernbodiment shown in Rg. 5, if the photoelec- 
tric converter device 7 is replaced by a light source 10 
for measurement of optical information, then the struc- 
ture is such that light is OTiitted from the front end of the 
prot>e 1 described in the exanrple of Rg. 3. If the light- 
emitting optical system for measurement of optical infor- 
mation is omitted, and if a semitransparent mirror is 
mounted on tiie back surface of the cantilever 2. then 
the laser light from the laser 38 that is the light souice 
for the irtterferometer can also be used as the light used 

65 for measurement of optical information. That is. the light 
for detecti n of deflectfon of the cantilever 2 can also be 
used as the lig^ directed to the sample 13. 

In the embodiment shown in Rg. 5, if a t>eam split- 
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ter is installed between the dichroic min-or 35 and the 
lens 34. and .if a light source for measurement of optical 
information and a photbelectric converter de^nce are 
installed oh the reflected light path and on the transmit- 
ted light path, respectively, then the prbbre 1 descrbed 
in the embodiment of Rg: 4 can be u$ed for both pro- 
jected light and received light: V \ 

In the apparatuses descroiied thus far, thf$ carifilever 
2 having the probe 1 is fabricated by, thih'^ilm^m 
rication technology. The material cf tfie cantileyer pan 
be oxkie film such as sincoh p;xide' or\sirK^ nitride, 
transparent conductive f 3m sudi as llO or tin oxide, an^ 
other materials transmrttinp light. Especially^^where a 
transparent coriductiye filrh is used, a tuhhelirtg current 
can be det^ed during operation. Also, ari i5TS'(scan- 
ntniig tunneling bpectrdscopy) 
made. The probe 1 is coated with a metal filitl n^e cif 
nickel, chrdnium, or gold except fbr an opening af th^ 
front end of th^ probe, vyhere suc^ a fOm is '&rrtied, if 
light is introciuc^cl into thV|irot>e, Gght 'noise frorfi side 
surfaces can be elintinated.'.|ff light is directed frorri the 
probe, the directivity of the illuminatirig Ggfit cafi be 
enhanced, guttering, vapor deppsltim. ele^rtrple^ 
plating, or dther m Be j^ed a^ a m 

deF)ositihg the nrielai film. Usually, the prbbe is coated 
with a rellective. f ilm up t6 the dpenirig. To (;emove the 
coating ove^ the opepihg, e^hing using; a; ^ftrong acid 
can be utilized. Alterhatively, during bpi^ratiori ,6f AFM, 
the contact pressure rs jncreas^, to medhanic^lly 
remove the coating. . / ^ ^ T . t., ' 

An optic^ f S)er whose end siirface is poli^ 
to be flat or convex is used as the. nght4rah^;ttirtg 
device 6. The dichroic niirrpr 35 is a soK^alled dif lectric 
multilayer mirror. By selecting an^apprcpriate pne,. liglfrt 
can t>e efficiently separated into tr^uisrTasdori^ 
reflection if two wavelengths are spaced more tfiari teres 
of nanometers. A photomultiplier, a phdtodiode,^a p^^ 
tocfiode array, or a CCP image sensor pari, t)e'iJ^ed as 
the ptiotoelectric converter device 7. If necessaiy.. a 
spectral demerit such, as ' ari ci^ diffrac^on 
grating can be disposed as a^^ optical sy^em iqcati^ 
before the (^otp^lectric ramejler device^.' In this case, 
wavelength information^^ ^ be observed The llg^ 
source lO^can consist^ of a se^ tetsW. a^H^^ 

Ne laser, an Ar laser; a nitcogen ^sq^^ 
laser, or a conventior»rwhite ^K^^ or a nriono- 

chromator. Where the detected li^ quite wjaak as 
encountered where evanescent light Is mes^ured, it is 
necessary that the light emitted by the, light scqrce be 
modulated and that tt:ie synchrpnizcKl componerrt be 
taken from the detector ouljput .to renidve noise. 'In the 
case of a semiconductor laser,' ela:;trical qurfertt flowing 
through the laser element is oontrx>lled by pulses. In this 
way, the Gght can be modulated. 

Where other light source is used, the light can be 
modulated by the use of a mechanical light chopper, an 
EO nKXiulator (^ec^rppptic modulator), or an AO modu- 
lator (acoustooptic modulator). Where vbrations are 
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produced between the prot3e and the sample, these 
vibrations ^produce the same effect as modulation. A 
piezoelectric cetarnid cyGnder having a length of 100 
rniiri! cin outside di«mieter of 1 0pmrri, and a yvall thickness 

5 (&;i^fnrn js usaJ as ttie f ine-rnip m^anishi^. TTiis 
^©JJmotion dewcfe ^50 jirri lii X- and Y-drec^onts 
and 5jun in the Z;<fir&^ The rfiecms for prbducihg 
vibr^or^ bitrii^^pie pirobe ctiid the sample can be k 
8tru6ture%>rr^ri piezo^l^cfric^^^ for vibrating 

10 the c^ntileyei'^^ The'yib^atiohs^ also 6e produced by 
Z-directipn m meichanism 22. A 

biriibr^^ ^ >!i^ratini^^ ^^pi?! iri tfie Z^ir^ori can 
be added to^'t^^ V 
Rg.6isascheh^ 

15 ing ari. ^ri^^iment of the, present ihyentioh^ A dichroic 
mirror 4(7 is inistallecl ori the cantilever 2, Vi/here the 
wsn^elmgfh of deflection of th^ canti- 

lever is sii^^id 

sample Oght .ili^e cfi^ reflects a 

^ drteii^oh light 4^ dj^^ erf the danfi- 

\&/er joi^ nv&^rts. ctf ' tiie ' tacd^ suifa^ cf the; cantil Wer. 
b(^'<a!.n^r^ or a refec^ce light 

41Jn^ia^^^ is effiderirUy tram^ 

ifrom fee carifileVer. TTle dichVoic'^ririirfDr%^ 
25 cated sunrujitanepusly by tiiirV'f ilnn .nrdcrofabricatioh tech- 

np'pg^ f*ij?ng'*^^ 

Rg! 7 is a i^err^d of th portion, show- 

irig an errrtipdim^^ inverrtion. In this 

structure ;fri(Bdet^^ deflection 
30 of tile csuTTtile/jsr 2 pe^^^e^ b'e^ the cantilever 2 and 
the'light-trarisir^ depiiice 6i This |:(ermits tfie deflec- 
tj<^ of thj^ cafntile^ from the deviation 

pf the pi^,^OT (^^^ the cantilever 2 

withbut b^ing hindef by t^^e'li^iht-WlSnrti 

35 ,6, ^ . ..... -.,*... , . \ " 

^g. 8.® a per^)^^^ portion, 
'stipw^n^ ^ tiie Resent inyentioii. The 

det^on JjgHt 4^, foy^, detfctin^^ deflection of tiie ^ritt* 
Je^er .2. p^ the light-tr^^^^^ cleyice 6 a^ is 

40 reflected by|^ fbrrr^ on the can- 

tilei/er 2;. In'this Structure, deflectibh of this' cantilever 2 
can. be effected from the deviation of the pc^on of the 
lighrt i^^ied^ tby tti^ 2 without being hiridered 

by the lig^^t;t^knsmr^^ The ov^hang portion 

45 43 can be fadtjricateid as a part of the shape of the canti- 
ljev^2duringfat>rication of tiiecantiley , 

In the apparatus built in ttiis way; where transmitted 
ligf^ was to be measured, twb-dimensional irifo 
akx)ut.trarismittance, at}sort>ance. and fluore^ent light 

50 ,<xiukj be measured sinrndtaneously with observation of 
an AFM imagie. We have found that where reflected light 
is measured, the apparatus is suited for measurements 
of the transmittance,. absort>ance of the sample surface 
artd of fluorescent light from the surface. Resolutions of 

55 16 nm could be achieved in otsfaining AFM iriniage ard 
twcKJinriensional optical infbrmatiori. 

Sihce the probe is fabricated by thin-film micro-fab- 
rication technology in the same way as ordinary probe 
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for AFM, the rtovel probe is excellent in shape acoiracy 
and r^roducibilrty arKJ well suited for mass production. 
Becai^ the probe is srmll. rt is inrmrtune to external dis- 
turt>ance such as vibratior^. Where the probe uses a 
transparent conductive f Om, a tunneling current can be 
detected, as well as shape information and optical infor- 
mation. In addition, qstical information can be detected 
during STM operation. 

In the present embodiment, the probe \s fixed, eind 
the operating means is nrv>unted on the side of the sanv 
pie. It is al^ possble to build an apparatus in which an 
operating mears is mounted on the side of the probe, 
arxi in wtiich a sanrple is fixed. 

As described thus far, accorcfing to the novel scan- 
ning near-^eld optic/atomic force microscope of the 
present invention, an apparatus can be accomplished 
which is capable of measuring the surface topo^^hy 
and optical characteristics of a sample at high resolution 
, irrespective of whether tiie sample transmits light or 
whether it is conductive. 

Espectaily. the prot>e is fabricated by thin-fikn^ 
micro-faksrication technology in the same v/ay as ordi- 
nary AFM. The probe is excellent in shape' aocxiracy 
and shape r^rodudbility. and well suited for mass pro- 
duction. Since the probe is small, it is less affected by 
external disturi^ance such as vibratior^ Hence, the per- 
formance can be improved. 

daims 

1. A scanning near-field optic/Satomic force micro- 
scope adapted to observe tc^X)graphy and optica 
ctaracteristics of a sample (13). said ntio-oscope 
COTiprising: 

a cantilever' (2) having a probe (1) in an erid 
portion thereof consisting priniarOy of a lig^it- 
propagatiny medium having an optical opening 
for passing Bght. said opticeil opening forming a 
sharp front end; 

a light-transmitting device (6) having a light- 
transntitting optical opening in both ends 
thereof, wherein one of said ends of said light- 
transmittirig device is disposed dose to a back 
surface of said probe (1); 
a light source (10) and optics (11, 12) for gen- 
erating a light to measure a feature of the sam- 
ple (13) and for directing generated light to the 
sanrple (13); 

a photoelectric converter device (7) and optics 
for receiving light from the sample (13); 
a deflection-detecting means for optically 
detecting deflection of said cantilever (2), com- 
prising a light source (3) for generating a laser 
light fc7 use of deflection-detection; a con- 
denser lens (4) for directing the laser light to a 
back surface of said cantilever (2); and anotiier 
photoelectric converter device (5) and optics 


for detecting reflected light from back surface of 
said cantilever (2); 

a motion medianism (21. 22) for making a rel- 
ative movement between the sample arrd said 

5 probe; and 

a gap control means (23) for controlling a cfis- 
tance t>etween the surface of the sample (13) 
and ttie sharp front end of said probe (1). 
characterized in 

10 that the probe (1) of the cantilever (2) com- 

prises an overhang portion (43); arxJ 
that ttie condenser lens (4) directs the laser 
light to said ovefiang portion (43). 

IS 2. A scanning near-fi^d optic/atomic force nrticro- 
scope according to claim 1 , wherein an optical axis 
of said laser fight for use of d^lection-detection 
passes between an end surface of said light-trans- 
mitting device (6) and the probe (1). 

3. A scanning near-field optic/atonrdc force micro- 
scope according to d£um 1 or 2, wherein an cptical 
sbds of saidlaser light for use of deflection-detection 
passes t>y a skie of said light-transmittirtg device 

25 (6). 

4. A scanning near-field optic/atomic force micro- 
scope: according to any of claims 1-3, wherein a 

. vibration means (8) is provided for producing verti- 
go x:al vibrations relatively between the sliarp front end 
of sakJ prot>e (1) and ttie sample (13). 

5. A scanning near-fidd optic/atomic force micro- 
scope according to daim 4, wherein said cantilever 

35 (2) is coated with an optically shiekding coating 
except for the optical opening d saki probe (1 ). 
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(54) Scanning near-field optic/atomic force microscope 


(57) The present invention relates to a scanning 
near-field optic/atomic force microscope adapted to 
observe topography and optical characteristics of a 
sample (13), said microscope comprising: 

a cantilever (2) having a probe (1) in an end portion 
thereof consisting primarily of a iightpropagating 
medium having an optical opening for passing light, 
said optical opening forming a sharp front end; 
a light-transmitting device (6) having a light-trans- 
mitting optical opening in both ends thereof, 
wherein one of said ends of said light-transmitting 
device is disposed close to a back surface of said 
probe (1); 

a light source (1 0) and optics (11,12) for generating 
a light to measure a feature of the sample (13) and 
for directing generated light to the sample (13); 
a photoelectric converter device (7) and optics for 
receiving light from the sample (13); 
a deflection-detecting means for optically detecting 
deflection of said cantilever (2), comprising a light 
source (3) for generating a laser light for use of 
deflection-detection; a condenser lens (4) for direct- 
ing the laser light to a back surface of said canti- 
lever (2); and another photoelectric converter 
device (5) and optics for detecting reflected light 
from back surface of said cantilever (2); 
a motion mechanism (21 , 22) for making a relative 
movement between the sample and said probe; 


and 

a gap control means (23) for controlling a distance 
between the surface of the sample (13) and the 
sharp front end of said probe (1); 

wherein the the probe (1) of the cantilever (2) 
comprises an overhang portion (43) and the con- 
denser lens (4) directs the laser light to said over- 
hang portion (43). 
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